Introduction
Oriented dual caliper logs accompanying 4-arm dipmeter logs can constrain the orientations of the principal stresses, as borehole breakouts (elliptical wellbore spalling) form centered at the azimuth of maximum compressive stress at the borehole wall. The major axis of the breakout ellipse in a vertical borehole is parallel to Sh, the minimum horizontal compressive stress, and the minor axis is parallel to Si•, the maximum horiiontal compressive stress. Sh and Si• are also principal stresses, if one of the principal stresses is vertical. Vertical wells are commonly analyzed to determine the directions of the principal horizontal stresses with the assumption that one of the principal stresses is vertical (Sv). The results have been shown to be consistent with other indicators of stress direction (e.g., Zoback, 1992 ). This result is less constrained in a thrust faulting system (Qian and Pedersen, 1991) .
Breakout orientations from non-vertical drill holes can also be used to constrain the stress state, and yield relative magnitudes and directions of the three principal stresses, if enough borehole orientations are available. This is due to the fact that when the borehole is not aligned with a principal stress axis, the breakout orientation will depend on the relative magnitude and orientations of all three principal stresses (e.g., Mastin, 1988; Zajac and Stock, 1992; Brudy and Zoback, 1993) . This general concept has been used to predict breakout orientations, induced fracture orientations, and borehole stability in boreholes arbitrarily inclined to the stress field (e.g., Peska and Zoback, 1995 1) The tool rotation stops in the zone of elongation.
2) The caliper arm difference exceeds 0.5 inches (1.3 cm).
3) The smaller of the caliper readings is close to bit size (within 5% of bit size).
4) The breakout zone is longer than 10 feet (3.05 m).
5) The directions of elongation should not consistently coincide with the azimuth of the high and low sides of the borehole when the hole deviates from vertical.
The first criterion locates sections of well where the caliper was prevented from rotating, presumably due to the friction of contact with the wall of the borehole in the zone of elongation.
The second criterion applies the fact that the breakout must exceed a certain size in order to halt tool rotation. The third criterion removes sections of well where the tool was off center or the hole was washed out. The fourth criterion accounts for the inability of the tool to detect breakouts smaller than the pad length. The fifth criterion eliminates wells where the tool may have scraped along the low side of an inclined borehole, digging its own elliptical channel (a "key seat"). We applied this criterion on a case-by-case basis, because in thrust faulting stress regimes, breakouts would be expected to form on the high and low sides of deviated boreholes.
Once the inappropriate data have been eliminated, the calculation of breakout orientation is relatively straightforward.
The breakout azimuth is assumed to coincide with the orientation of the larger caliper arm (e.g., Plumb and Hickman, 1985) , and is defined to be in the range 0-180 ø.
Analysis of Data
We applied our technique to 10 wells in and northwest of the San Fernando Valley, California, near the aftershock zone of the 1971 and 1994 earthquakes. These wells lie in a 144 sq. The data are plotted on lower hemisphere stereographic projections in which the breakout azimuth is plotted as a line, centered on the stereonet position corresponding to the borehole trend and plunge (Fig. 2) . Very few of the boreholes had trends into the SW quadrant. Most of the boreholes studied had plunges toward the NW and N or in the SE quadrant. The elongation directions from drill holes with deviations exceeding 16 ø are predominantly radial when plotted on the stereonet (i.e., along the high and low sides of the borehole). This direction of borehole elongation could be caused by tool drag on the bottom of a hole (a "key seat"), but is also the expected orientation of breakouts in thrust faulting or certain strike slip faulting stress regimes (Fig. 4 ; see also Qian and Pedersen, 1991) . If these elongation directions in our more deviated holes are breakouts, they suggest a thrust faulting stress regime with q•, (S2-S3)/(S•-S3), of-0.9 (Fig. 4) . Borehole televiewer data would be able to distinguish between tensile fractures and key seats (Peska and Zoback, 1995). Fig. 5) . The value of • was uniformly low (less than 0.3), and the stress regime changed from strike slip faulting at shallow depths to thrust faulting below 6 km. The principal stresses were near horizontal and vertical, with S• oriented from N10øE, above 2 km, to N20øE below 6 km ( Table 2 in 
Conclusions
Ten well logs collected during 1974-1983, from in and northwest of the San Fernando Valley, southern California, were digitized and processed to calculate the breakout orientation for each well at distinct depth intervals. The borehole breakouts for segments of wells deviated <5 ø imply a maximum compressive horizontal stress (Si0 direction of N49øW. This appears to be consistent within a small region corresponding to NE-striking lateral ramps in the major N-dipping thrust faults in the region (e.g., San Fernando fault; Santa Susana fault zone) and may not represent the regional stress direction or the direction of compression at greater depths. Borehole elongations for well deviations exceeding 20 ø are generally parallel to the plunge of the borehole and thus do not constrain the direction of Si•. A NW compression direction was sought, but not found, in focal mechanisms from the 1994 Northridge earthquake sequence, some of which were fairly close to these drill holes. Inversion of shallow aftershocks from the Northridge sequence gave a strike-slip faulting stress regime, with an Si• direction of N10øE -N20øE and a { value, (S2-S3)/(S1-S3) , _< 0. served in nearby focal mechanisms, similar to the observations from the Cajon Pass drill hole (Shamir and Zoback, 1992) .
